A Large Diurnal Variation of the Geomagnetically-trapped Radiation by Obrien, B. J.
OTS PRICE 
$ XEROX 
MICROFILM $ 
Department of Physics and Astronomy 
STATE LJNIVERSITY OF IOWA 
Iowa City, Iowa 
https://ntrs.nasa.gov/search.jsp?R=19630000438 2020-03-11T16:49:05+00:00Z
. .  
% . -  
i z  - - S,Yd -+a * 
A LARGE DIURNAL VARIATION 
OF THE GEOMAGNETICALLY-TRAPPED 
RADIATION* 
bY 
B. J. O'Brien 
Department o f  Physics and Astronomy 
S t a t e  Universi ty  of Iowa 
Iowa Ci ty ,  Iowa 
*Research supported i n  p a r t  under c o n t r a c t  N9-om93803 with 
t h e  Office of Naval Research. 
, --, 
- -  a .. 
i 
1 
ABSTRACT t o  
"he satellite Injun I was used to find the high 
latitude termination of trapping of electrons with energy 
E Z 40 keV at lo00 km altitude over North America. 
average, this termination is at L - 16 or A 
local day and at L ., 8 o r  A I 69" in the local night. 
consequence, in the range 8 5. L 5 16 or 69" 5 A 5 75" , the 
average intensity of trapped electrons is some one hundred 
On the 
- 75" in the 
As a 
times greater in the local day than it is at local night. 
Several explanations are suggested but none is proven. 
results show that McIlwain's L parameter loses its simple 
applicability for L 2 6 or A 
The 
? 66". 
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INTRODUCTION 
The time averaged intensity of electrons with energy 
E 2  40 keV which are trapped at 1000 km altitude over North 
America is essentially constant from mid-latitudes up to some 
high northern latitude, and then it decreases by several orders 
of magnitude within a few more degrees of latitude &e Fig. 8 of 
O'Brien, 19627. - 
in the magnetic latitude at which this abrupt change of 
In this note we examine the quiescent variations 
intensity occurs. Briefly, we find that this latitude is on 
the average some five to ten degrees higher during the local 
day than it is during the local night. In the following paper 
Eehlum and O'Brien, 1967 - the variation of this latitude during 
magnetic storms is discussed. 
It has been known f o r  some time that several geophysical 
phenomena move in magnetic latitude as a function of local time. 
For example, Axford and Hines /'i961/ - have summarized such a 
movement of several types of geomagnetic disturbance fie also 
Hope, 1967, - of visible auroras, spread F, sporadic E and auroral 
zone radio absorption. 
movement in the latitude of peak emission of Balmer (hydrogen) 
Also, Reid and Rees /i96g find a similar - 
lines in auroras. 
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Attempts have been made t o  a t t r i b u t e  s e v e r a l  of t h e s e  
e f f e c t s  t o  s i m i l a r  d i u r n a l  movement of geomagnetically t rapped  
p a r t i c l e s .  I n  t h i s  no te  we show d i r e c t l y  f o r  t h e  f i r s t  t i m e ,  
t h a t  the geomagnetically trapped r a d i a t i o n  does indeed have a 
comparable d i u r n a l  v a r i a t i o n  of t h e  r e q u i s i t e  q u a l i t a t i v e  form. 
But we a l s o  f i n d  t h a t  t h e  cause of t h i s  v a r i a t i o n  is not  apparent ,  
and n e i t h e r  is its r e l a t i o n  t o  the  v a r i a t i o n s  of t h e  above phenomena. 
. . '  . . . '  . 
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EXPERIMENTAL DETAILS 
A l l  d a t a  d i scussed  he re  were obta ined  with t h e  S t a t e  
Univers i ty  of Iowa r a d i a t i o n  r e sea rch  s a t e l l i t e  In jun  I over 
North America. 
still opera t ing  a t  t h i s  t ime,  s i x t e e n  months later.  
o r b i t  with apogee a l t i t u d e  1010 k i lome te r s ,  per igee  8 9  k i lome te r s ,  
period 104 minutes and i n c l i n a t i o n  67". 
Injun t h e r e f o r e  passes  over and no r th  o f  t h e  a u r o r a l  zone 
(magnetic l a t i t u d e  h e 67") and i t  reaches  up t o  about 80" N 
magnetic l a t i t u d e .  
and o the r  appara tus ,  and with s e v e r a l  of t hese  d i r e c t i o n a l  
In jun  I w a s  launched on June 29, 1961, and is 
It is  i n  an 
Over North America 
It has an a r r a y  of t h i r t e e n  p a r t i c l e  d e t e c t o r s  
i n t e n s i t y  j of e l e c t r o n s  with energy E Z  40 keV can be measured 
as a func t ion  of t h e  p i t c h  angle  a between a p a r t i c l e  t r a j e c t o r y  
and t h e  l o c a l  magnetic f i e l d  vec tor  2, which is of magnitude 
B gauss. I n  t h i s  note  we d i scuss  mainly the  d i r e c t i o n a l  i n t e n s i t y  
at 01 = go", which is  t h e  i n t e n s i t y  jL of those  p a r t i c l e s  which 
%i r ro r "  and a r e  r e f l e c t e d  at In jun  a l t i t u d e s  and are t rapped  t o  
form t h e  ou te r  r a d i a t i o n  zone. Details of d e t e c t o r  c h a r a c t e r i s t i c s ,  
da t a  r ecep t ion  and decoding, e t c .  a r e  given i n  a gene ra l  s tudy  of 
outer-zone e l e c t r o n s  / F B r i e n ,  - Laughlin , Van Al len ,  and Frank, 19627. - 
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A t  launch In jun  was spinning r a p i d l y ,  but t h e  sp in  r a t e  
damped out  i n  t h e  f i r s t  few days. 
s e v e r a l  t imes  i n  each pass  as t h e  p a r t i c l e  d e t e c t o r s  spun through 
t h e  ang le  a = 90". 
l a t i t u d e  ( i . e . ,  t h e  l a t i t u d e  p r o f i l e  of p a r t i c l e  i n t e n s i t y )  could 
be determined f o r  both northbound and southbound passes  of t h e  s a t e l l i t e .  
During those  days j, w a s  measured 
I n ' t h i s  way, the v a r i a t i o n  of jl with magnetic 
Now, soon a f t e r  launch the o r i e n t a t i o n  of t h e  s a t e l l i t e  
o r b i t  i n  space with r e spec t  t o  t he  sun w a s  such t h a t  t h e  north-  
bound passes  over North America were at l o c a l  t imes  between about 
1200 and 1600 hours  ( " loca l  day"), while t h e  southbound passes  w e r e  
at l o c a l  t i m e s  between about 1900 and 2300 hours  ( " l o c a l  night") .  
So comparison of t h e  l a t i t u d e  p r o f i l e s  ob ta ined  on northbound 
I 
1 passes  with those  obtained on southbound passes  as i n  Fig. 1 g i v e s  
a measure of t h e  l o c a l  time dependence of t h i s  p r o f i l e .  
I n  Fig. 1 t h e  p a r t i c l e  i n t e n s i t i e s  are p l o t t e d  a g a i n s t  t h e  
coord ina te  L introduced by McIlwain /i961/ r a t h e r  than  a g a i n s t  
magnetic l a t i t u d e .  By t ak ing  account of s e v e r a l  i n v a r i a n t s  of t h e  
motion of geomagnetically t rapped  r a d i a t i o n  McIlwain de f ined  a 
parameter L which uniquely l a b e l s  a magnetic s h e l l  on which a 
t rapped  p a r t i c l e  bounces i n  l a t i t u d e  and d r i f t s  i n  longi tude .  
Numerically, L is such t h a t ,  i f  the e a r t h ' s  magnetic f i e l d  w a s  
- -  
t h a t  of a p e r f e c t  d i p o l e ,  then  the e q u a t o r i a l  r a d i a l  d i s t a n c e  t o  
~ 
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a given magnetic s h e l l  would be L i n  u n i t s  of e a r t h  r a d i i .  
e a r t h ' s  f i e l d  is  - not  t h a t  of a p e r f e c t  d i p o l e ,  bu t  i n  eva lua t ing  
L f o r  a given po in t  i n  space ,  McIlwain & 9 6 7  - used t h e  b e s t  
expressions then a v a i l a b l e  f o r  t h e  r e a l  magnetic f i e l d ,  He 
showed t h a t  t h e  two coord ina tes  L and B can be used i n  s t u d i e s  
of the r a d i a t i o n  zones i n  t h e  t ime-s ta t ionary  s t a t e  up t o  L - 5. 
We w i l l  show i n  t h i s  no te  t h a t  L does no t  r e t a i n  its simple 
a p p l i c a b i l i t y  f o r  L 2 6. 
The 
A coord ina te  ( A  analogous t o  magnetic l a t i t u d e  ( A )  can 
then be der ived from L from t h e  r e l a t i o n  L cos2 A 
c a l l e d  -h- t h e  i n v a r i a n t  l a t i t u d e  s o  as t o  i n d i c a t e  i ts  d e r i v a t i o n  
= 1. We have 
from L ,  and w e  inc lude  i t  i n  Fig.  1. Actua l ly ,  over North America 
where t h e s e  In jun  observa t ions  were made, h and A do no t  d i f f e r  
by more than about 2 O ,  and i n  t h i s  no te  they can be regarded as 
e s s e n t i a l l y  t h e  same. 
The r e s u l t s  of Fig.  1 show t h a t  t h e  zone of t rapped  e l e c t r o n s  
at 1000 km a l t i t u d e  extends t o  h igher  l a t i t u d e s  on t h e  daytime 
s i d e  of t h e  e a r t h  than  i t  does on t h e  n ight t ime s ide .  Although 
t h e  high l a t i t u d e  "edge" of t h e  zone is  no t  at a l l  sha rp  a t  t h i s  
a l t i t u d e  and a t  these  times, w e  w i l l  r e f e r  t o  t h a t  l a t i t u d e  where 
t h e  i n t e n s i t y  h a s  dropped t o  about 1% of its low l a t i t u d e  va lue  as 
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4 t h e  nor thern  "boundary" l a t i t u d e  
l a t i t u d e  is  
From Fig.  1, t h e  boundary n' 
e 75" ( o r  Ln . 16)  i n  t h e  l o c a l  day, and about 
n 
A n  69" ( o r  L 8) i n  t h e  l o c a l  n ight .  The spread  i n  A. 
n 
at a given l o c a l  time is l a r g e  and r e a l ,  as d iscussed  below, and 
a l s o  i n  Maehlum and O'Brien, 496g. 
Although t h e r e  are many parameters such as magnetic-storm 
a c t i v i t y ,  longi tude  o r  a l t i t u d e  which can a f f e c t  t h e  i n t e n s i t y  of 
t rapped  e l e c t r o n s  at a given value of L, none of t h e s e  parameters 
was s u f f i c i e n t  t o  expla in  the  e f f e c t  i n  Fig. 1. For example, t h e  
legend of Fig.  1 shows how t h e  p lane tary  magnetic d i s turbance  index 
K va r i ed  between 0 and 6 ( i t s  t o t a l  range poss ib l e  is only 0 t o  9)  
while t h e  d i f f e r e n c e  i n  the  northbound and southbound p r o f i l e s  
pe r s i s t ed .  
c r i ss -c rossed  over t h e  same range of longi tude  (- 230" E t o  340" E) 
aga in  and aga in  as the  e a r t h  r o t a t e d  i n s i d e  t h e  satel l i te  o r b i t .  
Also,  s i n c e  t h e  a l t i t u d e  of t h e  northbound passes  w a s  about 980 
k i lome te r s  and t h a t  of t h e  southbound passes  about lo00 k i lome te r s ,  
any a l t i t u d e  effect  is n e g l i g i b l e  here .  
P 
Any longi tude  e f f e c t  is a l s o  n e g l i g i b l e ,  s i n c e  t h e  pas ses  
The only remaining parameter w e  can f i n d  is then  l o c a l  t i m e .  
I d e a l l y ,  w e  should f i n d  l a t i t u d e  p r o f i l e s  f o r  many months as t h e  
p lane  of t h e  o r b i t  r o t a t e d  with respec t  t o  t h e  sun-earth v e c t o r ,  
and then  p l o t  t h e  boundary l a t i t u d e  ( A  n)  as a func t ion  of l o c a l  
8 
time over t h e  f u l l  range of twenty four  hours.  
malfunction which f a i l e d  t o  s e p a r a t e  another  s a t e l l i t e  (Greb) from 
However, t h e  launch 
Injun f r u s t r a t e d  our a i m  t o  measure 1, 
damped out Lze O'Brien e t  a l . ,  19LT. 
was o r i en ted  cont inuously,  at a l o c a l  time of 0300 hours  L 
s o  t h a t  -/1 ., 71.5" / z e  - Fig. 3 of O'Brien e t  a l . ,  19cU. But 
genera l ly  t h e  s a t e l l i t e  s p i n s  s o  much y e t  s o  s lugg i sh ly  t h a t  only 
cont inuously a f t e r  t h e  s p i n  
On one pass  i n  which In jun  
w a s  .. 10, n -
a very few measures of j L  
too  few i n  genera l  t o  def ine  A 
are obta ined  dur ing  a s i n g l e  pas s ,  f a r  
accura te ly .  n 
So i n s t e a d ,  from a l l  a v a i l a b l e  measurements of j, i n  a 
given narrow range of L ,  j, 
time. One such p l o t  is  shown i n  F ig .  2 ,  and t h i s  shows c l e a r l y  
t h a t  f o r  t h e  range 8 L. - L C 10 LG.3' - c 4 ~ 7 1 . 5 ~ 7  t h e  i n t e n s i t y  
of trapped e l e c t r o n s  i n  the  l o c a l  day w a s  more than  one hundred times 
was p l o t t e d  as a func t ion  of l o c a l  
t h e  i n t e n s i t y  of t h e  l o c a l  n ight .  As one would p r e d i c t  from Fig.  1, 
a s i m i l a r  e f f e c t  p e r s i s t e d  f o r  10 L L  - c 12, 12 - 4 L 
with t h e  peak ( i . e . ,  daytime) i n t e n s i t y  becoming l e s s  as L inc reases .  
4 14, e t c . ,  
The spread i n  the  po in t s  of Fig.  2 at a given l o c a l  time 
a r i s e s  from 
i )  magnetic s torms changing A LEe t h e  fo l lowing  paper 
by Maehlum and O'Brien, 1 9 6 7  - and 
s p a t i a l  v a r i a t i o n s  due t o  t h e  p l o t t e d  va lue  of j l  being 
measured wherever t he  s a t e l l i t e  happened t o  o r i e n t  i n  the  
range 8 c - L < l o .  (Fig.  1 shows c l e a r l y  how jl at 
L 
i i )  
8 can be very much g r e a t e r  than  jL at L - 10) .  
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As a r e s u l t  of t h i s  spread,  w e  cannot r e so lve  t h e  exac t  
shape of t h e  d i u r n a l  v a r i a t i o n ,  and s h a l l  r e f e r  t o  i t  merely as 
a day-night effect. 
As can be seen  from Fig. 1, t h e r e  is l i t t l e ,  i f  any, 
d i u r n a l  v a r i a t i o n  i n  t h e  i n t e n s i t y  of e l e c t r o n s  t rapped at lo00 km 
a l t i t u d e  at L . 5. The average i n t e n s i t y  i n  l o c a l  day is t h e  same 
as t h a t  i n  l o c a l  n igh t  t o  wi th in  a f a c t o r  of two, and r e l i a b l e  
d e l i n e a t i o n  of any d i u r n a l  e f f e c t  by a method such as ske tched  i n  
Fig.  2 is no t  poss ib l e  with our da ta  because magnetic a c t i v i t y  
causes  v a r i a t i o n s  i n  i n t e n s i t y  by a t  least an order  of magnitude. 
I n  o the r  words, i f  a d i u r n a l  v a r i a t i o n  is t h e  "s ignalf1 and magnet ica l ly  
c o n t r o l l e d  v a r i a t i o n s  are t h e  "noise", then  at L . 8 t h e  s igna l -  
to-noise  r a t i o  is more than t e n ,  and t h e  s i g n a l  is r e a d i l y  
de t ec t ab le .  But at L - 5, t h e  s ignal- to-noise  r a t i o  is l e s s  
than  - 0.2, and w e  have not  measured t h e  s i g n a l  accura te ly .  
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DISCUSSION 
The mere observation of a high latitude termination of 
trapping at the low (Injun) altitude of 1000 kilometers does not 
necessarily imply that there is really any termination in the 
equatorial plane. However, data from Explorer XI1 which reached 
a radial distance of about 83,000 kilometers, show that trapping 
of electrons with E 2 40 keV does indeed cease or become very 
small in the equatorial plane at a radial distance which varies 
from about 8 to 11 earth radii as geomagnetic storm activity 
varies K s s e r ,  - O'Brien, Van Allen, Laughlin, and Frank, to be 
published/ - but which is the same location as the interface between 
the geomagnetic field and interplanetary space @ill and 
Amazeen, 19G. 
any diurnal variation in this distance of termination. 
The Explorer XI1 data are insufficient to determine 
The Explorer XI1 data provide sufficient evidence to suggest 
(but not prove) that -h- 
which trapping ceases, and that it represents a magnetic field 
line which, in an idealized simplification, is the terminal field 
line at the interface of the geomagnetic field with interplanetary 
space. Then, from Fig. 1 and the Explorer XI1 data, a sketch of 
the geomagnetic field configuration can be drawn as in Fig. 3.  
does represent a magnetic latitude at n 
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These In jun  observat ions may be summarized by t h e  s ta tement  
t h a t  t h e  te rmina t ion  of t rapping  i s  found a t  an i n v a r i a n t  ( o r  magnetic) 
l a t i t u d e  of about 75" at l o c a l  noon and at about 690 at l o c a l  mid- 
n igh t .  These are  very approximate va lues  only ( see  Fig. 1). 
Severa l  o the r  geophysical phenomena show a s i m i l a r  
movement i n  magnetic l a t i t u d e  as a func t ion  of l o c a l  time. For 
example, i n  Fig.  11 of Axford and Hines /i961/ s i m i l a r  e f f e c t s  - -  
are p l o t t e d  f o r  s e v e r a l  types of geomagnetic d i s turbance  
&e a l s o  Hope, 1$u, - v i s i b l e  auroras ,  spread  F,  sporadic  E ,  and 
a u r o r a l  zone r a d i o  absorption. 
s i m i l a r  e f f e c t  i n  t h e  l a t i t u d e  of peak emission of hydrogen l i n e s  
i n  auroras .  
Also Reid and Rees /i96g f i n d  a - -  
There has  been t h e o r e t i c a l  s tudy  of t h e  cause of t h e  e f f e c t s  
l i s t e d  i n  t h e  previous paragraph, and s e v e r a l  au tho r s  / z s t i n e ,  1960; 
Reid and Rees, 1967 have assoc ia ted  t h e  d i u r n a l  v a r i a t i o n  i n  t h e  
l a t i t u d e  of t h e s e  phenomena with a v a r i a t i o n  i n  the  l a t i t u d e  t o  
which geomagnetically t rapped p a r t i c l e s  move as they  d r i f t  i n  
long i tude  i n  t h e  geomagnetic f i e l d  d i s t o r t e d  by a s o l a r  wind as 
i n  Fig. 3 .  As they  d r i f t  i n  longi tude ,  t h e  s e v e r a l  a d i a b a t i c  
i n v a r i a n t s  of t h e i r  motion are conserved, and t h u s  they  must move 
( so  s ta te  t h e  t h e o r i e s )  t o  lower magnetic l a t i t u d e s  on t h e  n i g h t  
- 
- 
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side,than on the day side. So we may state as a suggested 
explanation of this effect: 
Hypotheses 1: 
wind as in Fig. 3, and that geomagnetically-trapped particles obeying 
one or more adiabatic invariants of their motion must therefore move 
from high latitudes at local noon to lower latitudes at local midnight. 
that the geomagnetic field is distorted by the solar 
Qualitatively, this hypothesis yields the observed diurnal 
effect. Quantitatively, it does not. Consider the longitudinal 
integral invariant of particle motion 
I = r  )6=m ds 
M 
where the integral is evaluated along the guiding center 
(- a line of magnetic force) between the mirror points M and M* 
at which the magnetic field intensity is B 
that the solar wind distorts the geomagnetic field lines by 
Vestine /i960/ - - suggested m' 
compressing them on the sunlit side and extending them on the night 
side. To conserve I and to mirror at the same B a particle must 
then drift to lower latitudes oc the dark side. However, Malville 
E961/ calculated the magnitude of the resultant movement in 
m' 
latitude and found that even for a severe magnetic storm causing 
distortion of the geomagnetic field, (i.e., for a very strong solar 
wind), conservation of I alone would lead to a latitude displacement 
of less than  2 O ,  f a r  l ess  than t h a t  r epor t ed  he re  and i n  o the r  
geophysical  s tud ie s .  It would appear t h a t  t h e  small magnitude 
of t h e  e f f e c t  is  due t o  t h e  f a c t  t h a t  t h e  f i e l d  l i n e s  on t h e  
n i g h t  s i d e  are not  extended, bu t  indeed are s l i g h t l y  compressed 
/sssler, - p r i v a t e  c o m m u n i c a t i a .  We do not  d i scuss  t h i s  f u r t h e r  
here .  
On t h e  o the r  hand, Reid and Rees - -  /i96? invoked t h e  concept 
t h a t  p a r t i c l e s  t rapped  i n  t h e  equa to r i a l  plane would d r i f t  i n  
long i tude  i n  a reg ion  of cons tan t  f i e l d  s t r e n g t h  B. 
Chapman-Ferraro f i 3 1 ,  - 1 9 3 7  - model of an image d ipo le  of t h e  same 
Using t h e  
moment as t h e  e a r t h ' s  d ipo le ,  s i t u a t e d  a t  l o c a l  noon at twice t h e  
r a d i a l  d i s t a n c e  of t h e  i n t e r f a c e ,  Reid and Rees - /i.g6g c a l c u l a t e d  
t h e  r a d i a l  d i s t a n c e s  on t h e  noon s i d e  a t  which B w a s  t h e  same 
magnitude as a t  chosen r a d i a l  d i s t ances  on t h e  midnight meridian. 
I n  order  t o  make t h i s  c a l c u l a t i o n ,  and c o r r e l a t e  it with ground- 
l e v e l  observa t ions ,  they  had t o  assume t h a t  t h e  magnetic f i e l d  
l i n e s  which are or thogonal  t o  t h e  stream f r o n t  a t  l o c a l  noon are 
those  of t h e  und i s to r t ed  d ipo le  f i e l d .  This  is an ove r - s impl i f i ca t ion ,  
and t h e  fact t h a t  they  then  p red ic t  d i u r n a l  l a t i t u d e  drifts of up 
t o  t e n  degrees  f o r  s o l a r  winds of moderate s t r e n g t h  cannot be 
used immediately here .  
c a l c u l a t i o n  of only a s m a l l  l a t i t u d e  change by conserva t ion  of I 
r e f u t e s  t h e  estimate of Reid and Rees /i961/. 
I n  f a c t  Malvi l le  E967 - claims t h a t  h i s  
- -  
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Malville E 9 6 7  - does suggest that an expansion of the field 
lines due to trapped particles could be invoked to explain the 
observed latitude effect as following directly from conservation 
of I if the field lines were extended in length by a factor of 
four or so. 
elongation, at least f o r  steady-state or quiescent times such as 
we have included here. 
This appears to us to be an unreasonably large 
In summary, Hypotheses I gives qualitatively the observed 
diurnal variation, but in the presently developed theories of 
distortion of the geomagnetic field by the steady s o l a r  wind 
the magnitude of the predicted effect is much less than the 
observed one. 
We might also advance 
Hypothesis 11: that there is a steady-state ftsourceff o electrons 
accelerating them within a cone of a few degrees about B in the 
equatorial plane on the sunlit side of  the earth. 
This hypothesis will satisfy the Injun observations, since 
the particles follow the invariant relation 
sin' u 
B 
1 
B - B  
- -  0 = constant = 
sin 2 u 
0 m 
where the subscript o refers to values in the equatorial plane. 
Then, 
Hence a p a r t i c l e  with a given e q u a t o r i a l  p i t c h  angle  a 
w i l l  be p r e c i p i t a t e d  i n t o  t h e  atmosphere f o r  L 5 6 but  w i l l  be 
t rapped  at In jun  a l t i t u d e s  f o r  L 2 10. 
= 2" ( s a y ) ,  
0 
On t h e  b a s i s  of t h i s  hypothes is ,  we would expect t o  see 
e l e c t r o n s  wi th  E 2 40 keV 
( a )  
dur ing  t h e  day, and 
(b) t rapped  at 
but  no t  n e c e s s a r i l y  during the  night.  
being p r e c i p i t a t e d  i n t o  t h e  atmosphere over a wide range of L 
lo00 km a l t i t u d e  a t  l a r g e  L va lues  during t h e  day 
There is evidence of r e l a t i v e l y  poor s t a t i s t i c a l  weight 
S p e c i f i c a l l y ,  i n  eight out  of e i g h t  t h a t  e f f e c t  ( a )  does occur. 
e a r l y  In jun  passes  when t h e  angular d i s t r i b u t i o n  of t h e  e l e c t r o n s  
could be measured, t h e r e  w a s  p r e c i p i t a t i o n  from L 2 t o  L - 10 
during l o c a l  day. I n  only one ou t  o f  e i g h t  n ight t ime passes  
over t h e  same per iod  w a s  t he re  p r e c i p i t a t i o n  /O'Brien,  - 1962v. 
The evidence presented i n  t h i s  paper shows t h a t  e f f e c t  ( b )  
does occur. Hypothesis I1 may be t e n t a t i v e l y  accepted,  bu t  it 
is by no means e s t a b l i s h e d  f i rmly,  
Indeed,  Hypothesis I1 does not  i n d i c a t e  why t h e  quasi-  
t rapped  e l e c t r o n s  at high L values on t h e  daytime side are no t  
t h e r e  at n igh t .  
l a t i t u d e  of t h e  o t h e r  geophysical  phenomena mentioned above. 
Nor does i t  explain t h e  d i u r n a l  v a r i a t i o n  i n  
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The s i m i l a r i t y  i n  t h e  d i u r n a l  v a r i a t i o n  of t h e  t rapped 
r a d i a t i o n  and of t h e s e  o the r  phenomena sugges ts  t h a t  t h e  f i r s t  
i s  t h e  cause of t h e  o t h e r s  - /z Vest ine ,  1960, and o t h e r s  would 
suggest/  - or e l s e  t h a t  they have a common cause. We have e s t a b l i s h e d  
elsewhere t h a t  t h e  t rapped p a r t i c l e s  cannot be t h e  primary cause 
of au ro ras ,  and suggested they may be secondary e f f e c t s  r e s u l t i n g  
from trapping of some of t h e  splashed e l e c t r o n s  produced i n  t h e  
v io l en t  a u r o r a l  a c c e l e r a t i o n  mechanisms /iSTBrien , 19627. - 
o the r  hand, i n  t h e  fol lowing paper B e h l u m  and O'Brien,  19L-7 
On t h e  
i t  is  shown t h a t  t h e r e  i s  a c o r r e l a t i o n  between e l e c t r o n s  de tec ted  
a t  1000 km a l t i t u d e  and a u r o r a l  r a d i o  absorp t ion .  Hence, i t  is 
a t t r a c t i v e  t o  v i s u a l i z e  a l l  t hese  d i u r n a l  e f f e c t s  as fol lowing 
from a s i n g l e  primary cause v i z .  
Hypothesis 111: t h a t  a u r o r a l  and similar a c c e l e r a t i o n  mechanisms 
can occur only on c losed  f i e l d  l i n e s .  
Since t h i s  hypothesis  cannot be t e s t e d  at present  except by 
p rec i se  conjugate  po in t  s t u d i e s ,  i t  is not  examined here .  It 
hard ly  so lves  these  problems however, s i n c e  i t  g ives  no i n d i c a t i o n  
,o f  why t h e  l a t i t u d e  dev ia t ion  is of t h e  observed magnitude, o r  of 
t h e  na ture  of t h e  "acce le ra t ion  mechanisms". 
CONCLUSION 
I n  conclusion then ,  we have observed t h e  d i u r n a l  v a r i a t i o n  
i n  t h e  h igh  l a t i t u d e  te rmina t ion  of t h e  o u t e r  r a d i a t i o n  zone, which 
many au tho r s  specula ted  might exist i n  order  t h a t  i t  could cause 
t h e  observed d i u r n a l  v a r i a t i o n s  of o the r  phenomena. However, w e  
claim on t h e  b a s i s  of o the r  evidence D B r i e n ,  19627, t h a t  
i f  t h e  s e v e r a l  d i u r n a l  phenomena are r e l a t e d  a t  a l l ,  i t  is  only i n  
t h e  sense  t h a t  they  are  e f f e c t s  of a common and as y e t  unknown 
cause. A few hypotheses t o  explain t h e  observa t ions  have been 
l i s t e d  but  none i s  completely s a t i s f a c t o r y .  
hypotheses can be suggested a l s o .  These observa t ions  were made 
over a per iod  of about s i x  months, and showed t h a t  t h e  d i u r n a l  
effect  p e r s i s t s  even during magnet ical ly  q u i e t  per iods.  Th i s  may 
be taken as a d d i t i o n a l  evidence for  t h e  con t inua l  ex i s t ence  of a 
s o l a r  wind. 
Doubtless many o t h e r  
These r e s u l t s  po in t  up t h e  g r e a t  s c i e n t i f i c  va lue  of 
ins t rument ing  and o r b i t i n g  as soon as poss ib l e  a sa te l l i t e  i n t o  
t h e  so-ca l led  geos ta t ionary  o r b i t  a t  L 6.6 e a r t h  radii ,  where 
d i u r n a l  effects  may be s tud ied  s o  readi ly .  
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F I G m  CAPTIONS 
F igure  1. La t i tude  p r o f i l e s  of the i n t e n s i t y  of t rapped 
e l e c t r o n s  obtained i n  t e n  pas ses  with l o c a l  time 
between 1200 and 1600 hours ( l o c a l  day) and i n  eleven 
passes  with l o c a l  time between 1900 and 2300 hours  
( l o c a l  n i g h t )  soon a f t e r  launch when t h e  sa te l l i t e  
w a s  sp inning  rap id ly .  
F igure  2. I n t e n s i t y  of t rapped e l ec t rons  as a func t ion  of 
l o c a l  t i m e  f o r  8 - L L c 10 o r  69.3O 5 A 71.5”. 
Each po in t  i s  t h e  average i n t e n s i t y  over t h a t  p a r t  
of t h e  l a t i t u d e  range f o r  which t h e  d e t e c t o r  w a s  
o r i en ted  on a given pass.  The v e r t i c a l  e r r o r  b a r s  
g ive  t h e  range of i n t e n s i t i e s  observed when t h e  
d e t e c t o r  w a s  o r i en ted  f o r  an apprec iab le  part of t h e  
above l a t i t u d e  range. The h o r i z o n t a l  l i n e s  are  
average i n t e n s i t i e s ,  excluding t h e  g r e a t  September 
25, 1961 event.  
F igure  3 .  Sketch,  not  t o  s c a l e ,  suggest ing t h e  e x t e n t  of 
t h e  t r app ing  reg ions  which might be i n f e r r e d  f o r  
magnet ical ly-quiet  times from In jun  I and Explorer  X I 1  
observat ions.  
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